The anginal syndrome (AP) typically includes sensations of chest tightness or difficulty in breathing. Left 
Respiratory mechanics other disorders, a similar hemodynamic abnormality (i.e. increased left heart filling pressure) is acknowledged to effect changes in lung function.2' Specifically in mitral stenosis or congestive heart failure, secondary lung alterations may result in abnormal pulmonary function or even manifest respiratory physical disability.45 Consequently, this study was designed to examine the possibility that sudden ischemic-induced changes in left ventricular filling pressure may alter pulmonary mechanics, thus accounting for some of the symptoms of the anginal syndrome.
Controlled atrial tachycardia enabled anginal symptoms to be studied while eliminating confusing effects evoked by exercise or drug action. Likewise, airway conductance (1/airway resistance) per unit lung volume and lung compliance (CL) were used to estimate changes in respiratory mechanics in order to minimize patient effort during angina. By relating these measurements to left ventricular hemodynamic changes, the effect of sudden ischemia-induced hemodynamic alterations on lung mechanics during angina was assessed. Methods To evaluate the effect of nonspecific precordial pain on airway mechanics, 10 normal volunteers were also studied in the body plethysmograph. Two silver patch ECG electrodes were attached to the skin over the left precordium and connected to a low voltage DC stimulator. The output was adjusted to lv above their pain threshold avoiding intercostal muscle stimulation. Raw and TGV were then measured before and during a 1-min period of electrically induced chest discomfort.
In this study, changes in myocardial compliance were estimated by a distensibility index expressed as a ratio of EDV:EDP. For statistical purposes, airway resistance values are expressed as the ratio of airway conductance (Gaw) to TGV (Gaw/TGV = liter/sec/cm H20/liter). lieved by termination of pacing ( fig. 1 ) or by nitroglycerin, despite persistent pacing at the angina rate, lung mechanics returned toward normal as did the hemodynamic alterations (table 1) .
Pacing, Nonangina. In eight patients angina was not experienced as the heart rate was increased. In three patients second degree atrioventricular block limited the tachycardia stress. No significant change in LV pressure or Gaw/TGV occurred in those patients achieving heart rates greater than the anginal group (table 1) .
Nonspecific Chest Pain. Electrically-induced chest discomfort resulted in small increases in TGV (control pain -3285 ± 204 > 3917 ± 222 liters) (P < 0.05). During chest pain, Gaw increased appropriately with the change in level of lung inflation as Gaw/TGV increased only minimally (0.303 ± 0.037 0.310 ± 0.050).
Discussion
The respiratory features of angina were summarized in Osler's Lumleian Lectures" as early as 1910, yet the clinical significance of these symptoms has not been fully appreciated. He observed "four special features": (1) distension of the lungs ("acute emphysema") with limited "inspiratory excursions and prolonged expirations"; (2) at times, actual wheezing and other "physical signs like those of an acute attack of bronchial asthma"; (3) occasionally, transient acute pulmonary edema; and (4) rarely, hemoptysis. These attacks "yielded promptly to amyl nitrate." In the French literature, Gallavardin'0 recognized a respiratory anginal component described as a feeling of "respiration bouchee" (blocked respiration) which forces the patient to stop his activity. This sensation, which he later termed "blockpnea," subsided spontaneously with rest or promptly with nitroglycerin.1' The resemblance of these symptoms to those of patients with obstructive respiratory disorders is apparent. Moreover, others12 have commented on the difficult diagnostic challenge that results when similar stress-related symptoms (i.e. chest tightness, agonizing alterations occur in the absence of clinical heart failure or pulmonary edema. Since these pulmonary changes coincide with the experience of some angina-rated symptoms, particularly chest tightness, our observations suggest that increased airway resistance ({ Gaw/ TGV) and decreased lung compliance may be one of the mechanisms responsible for chest discomfort in angina patients.
Airway conductance is normally directly related to lung volume, and the reduced Gaw! TGV ratio occurring during angina suggests that the airways become less extensible than the alveoli. Reduced airway caliber (bronchoconstriction, edema, secretion, compression, or changes in extensibility of the airway wall) could account for some further decrease of lung compliance. Because individual alveoli become less distensible as they over Circulation, Volume XLVI, November 1972 distend, they are operating over less compliant portions of their pressure-volume curves.
The suddenness of the conductance response and its rapid reversal with relief of angina ( fig. 1) Minimal increases in thoracic gas volume were observed during electrically-induced precordial pain while specific airway conductance increased appropriately with the change in level of lung inflation. These changes may relate to increased catecholamine release during pain. Nonetheless, these subjects maintain the normal direct relationship between airway conductance and lung volume. While tegmental pain is not meant to be equated with the visceral-type discomfort of angina, the possibility that perception of chest pain, of sudden onset and brief duration, may have reflex accompaniments, such as bronchoconstriction, which alter normal respiratory mechanics is unlikely.
Although we have not studied respiratory mechanics in other disorders, these data may be useful in understanding some components of the anginal syndrome in patients without ischemic heart disease (i.e. mitral stenosis, aortic stenosis, and myocardiopathies). In these settings, precipitous changes in left heart filling pressure in the presence of already congested (stiff) lungs could result in abrupt airway changes analogous to those observed in Figure 3 Airway 
